A genome-wide scan using 387 short tandem repeat markers was conducted for obesity among 618 black individuals from 202 families residing in a suburb of Chicago. Evidence for linkage was evaluated with BMI and percent body fat (PBF) using a variance component analysis approach. Suggestive evidence for linkage was found for BMI on chromosome 5 (logarithm of odds [LOD] score ‫؍‬ 1.9) and PBF on chromosome 6 (LOD score ‫؍‬ 2.7). One additional region on chromosome 3 was linked to these phenotypes at a lower level of significance (LOD score ‫؍‬ 1.8 and 0.95 for BMI and PBF, respectively); the linked marker on this chromosome lies in the same region implicated as harboring obesity genes in a previous study of a white population. The replication of linkage evidence using different ethnic groups reinforces the potential significance of this latter candidate region. Diabetes 51:541-544, 2002 T he technical capacity to examine the genetic underpinnings of obesity has moved forward rapidly in the last several years (1-3). Despite these advances, only a small proportion of the genetic susceptibility to obesity can be currently explained. A major weakness remains the absence of consistent findings from epidemiologic studies. Whereas studies of candidate genes whose functional significance can be identified will ultimately be required, whole-genome search methods are attractive because they allow assessment of all potential regions independently of prior hypotheses. Unfortunately, linkage has not proven to be an efficient method for the study of complex traits like obesity (4). Given the large potential for both type I and type II errors that are inherent in this method, consistency of findings in multiple independent samples must be a primary criterion on which to judge their importance. Genome search methods could potentially play a role in this process of establishing reproducibility and consistency of findings. For example, evidence of linkage of leptin levels to a region on chromosome 2 in Mexican Americans by Comuzzie and colleagues (5,6) was subsequently confirmed using the same marker among AfricanAmericans. In this article, we describe results of a genomewide scan in a population-based sample of U.S. blacks that are, to some degree, consistent with prior data.
A genome-wide scan using 387 short tandem repeat markers was conducted for obesity among 618 black individuals from 202 families residing in a suburb of Chicago. Evidence for linkage was evaluated with BMI and percent body fat (PBF) using a variance component analysis approach. Suggestive evidence for linkage was found for BMI on chromosome 5 (logarithm of odds [LOD] score ‫؍‬ 1.9) and PBF on chromosome 6 (LOD score ‫؍‬ 2.7). One additional region on chromosome 3 was linked to these phenotypes at a lower level of significance (LOD score ‫؍‬ 1.8 and 0.95 for BMI and PBF, respectively); the linked marker on this chromosome lies in the same region implicated as harboring obesity genes in a previous study of a white population. The replication of linkage evidence using different ethnic groups reinforces the potential significance of this latter candidate region. Diabetes 51:541-544, 2002 T he technical capacity to examine the genetic underpinnings of obesity has moved forward rapidly in the last several years (1) (2) (3) . Despite these advances, only a small proportion of the genetic susceptibility to obesity can be currently explained. A major weakness remains the absence of consistent findings from epidemiologic studies. Whereas studies of candidate genes whose functional significance can be identified will ultimately be required, whole-genome search methods are attractive because they allow assessment of all potential regions independently of prior hypotheses. Unfortunately, linkage has not proven to be an efficient method for the study of complex traits like obesity (4) . Given the large potential for both type I and type II errors that are inherent in this method, consistency of findings in multiple independent samples must be a primary criterion on which to judge their importance. Genome search methods could potentially play a role in this process of establishing reproducibility and consistency of findings. For example, evidence of linkage of leptin levels to a region on chromosome 2 in Mexican Americans by Comuzzie and colleagues (5,6) was subsequently confirmed using the same marker among AfricanAmericans. In this article, we describe results of a genomewide scan in a population-based sample of U.S. blacks that are, to some degree, consistent with prior data.
RESEARCH DESIGN AND METHODS
Recruitment of participants. Participants were recruited as part of the GenNet network of the Family Blood Pressure Program (7) . The field center is based in Maywood, Illinois, a predominantly African-American working class suburb of Chicago, as has been previously described (6, 7) . Eligibility requirements included age between 25 and 45 years and a blood pressure in the upper 25th percentile of the age-sex-specific distribution for this community. No restrictions were imposed in terms of weight or diet history. A clinical examination was conducted that included a medical history, anthropometric measurements, and blood sampling. Weight was measured in light clothes on an electronic scale, and height was measured with a stadiometer. Body composition was determined using bioelectric impedance analysis (RJL, Township, MI) to estimate percent body fat (PBF). The correlation between BMI and PBF was 0.79. The data set included 232 parent-offspring pairs, 332 siblings, and 197 half-siblings. Genotyping. A set of 387 short tandem repeat markers (Set 9, www. marshmed.org/genetics) was genotyped by the Mammalian Genotyping Service in Marshfield, Wisconsin (8) . The mean heterozygosity for these markers is ϳ76%, with an average sex-equal distance of 10 cM (8) . DNA samples were provided in two batches, and extensive quality checks were carried out to verify consistency of marker genotyping and stated pedigree relationships. First, PedCheck (9) was used to check the mendelian inconsistency. ASPEX/ KINSHIP (10) was then used to check the biological relationships among the pedigrees where significant mendelian inconsistencies were found. ASPEX/ KINSHIP checks the degree of biological consistency within families using available markers and classifies the biological relationship for each sibpair based on the likelihood method. The relationships were reassigned if they were clearly misclassified. The errors identified in PedCheck not based on misclassification of pedigrees were assumed to have occurred in the genotyping process, and the associated markers were set to missing among the appropriate family members. Statistical analysis. Genome-wide linkage analysis of the obesity phenotypes was performed using the multipoint variance component program in GENEHUNTER2 (11) . The variance component method in GENEHUNTER2 specifies the expected genetic covariances between relatives as a function of their identity-by-descent (IBD) relationships at a marker locus. The IBD probabilities were estimated from all available genotyped marker loci. The likelihood ratio test was applied to test the null hypothesis of no additive genetic variance due to a quantitative trait locus (QTL). Both siblings and half-siblings were used in the variance component method. Sex, age, and age 2 were incorporated as covariates, and their effects were simultaneously estimated by the maximum-likelihood method. In all analyses, allele frequencies were estimated from the marker data. We used the Marshfield map distances in the linkage analysis. The width of the candidate regions was defined by a logarithm of odds (LOD) score of Ͼ0.588, which corresponds to a P value of 0.05-a significant nominal level without considering multiple tests.
To assess the empirical significance of our result, we performed a simulation study. We retained the pedigree data and phenotype data and simulated the marker genotype data based on the observed marker allele frequencies. There were 200 replications generated and analyzed by GENE-HUNTER2. To determine the power we could achieve from our data structure, we did simulations using a model with an additive quantitative trait locus explaining 20% of the variance, 30% of the polygenic variance, and 50% of the random environmental variance.
We next performed a quantitative transmission/disequilibrium test using the program QTDT (12) for those markers in the regions where linkage evidence was found. QTDT uses variance components to construct a test that uses information from all available offspring and avoids the false-positive result that could be due to the population structure.
RESULTS
The descriptive characteristics of the participants are presented in Table 1 . Women were on average slightly older than men and more likely to be obese. The mean diastolic blood pressures of men and women were similar, although systolic pressures were higher for men. The narrow-sense heritabilities for BMI and PBF were 0.54 and 0.56, respectively, after adjusting for sex, age, and age 2 using an additive model in GENEHUNTER2, which uses all the pedigree relationships. Figure 1 presents the multipoint linkage results from GENEHUNTER2 for BMI and PBF across all chromosomes. The regions with linkage evidence are also presented in Table 2 . In total, three regions with linkage evidence (maximum LOD score [MLS] Ն1.8) were found for at least one of the obesity phenotypes. The largest LOD score was found for PBF on a region around D6S1959 located on chromosome 6 (LOD score ϭ 2.7, P ϭ 0.0002). For BMI, the region at D5S817 on chromosome 5 showed suggestive linkage evidence (MLS ϭ 1.9, P ϭ 0.0017). We also found LOD ϭ 1.8 (P ϭ 0.002) to be associated with BMI on a region of chromosome 3 around D3S2477, with LOD ϭ 0.95 (P ϭ 0.018) for PBF on the same region. A LOD score of 1.0 (P ϭ 0.016) for BMI was also found on both chromosome 2 (genomic region -60 to 85) and chromosome 10 (genomic region -69 to 88).
We performed simulations to determine the corresponding empirical genomewide significance levels of P values for our results. In our simulations, we retained the pedigree structures, phenotypes, and covariates and simulated the marker data based on the observed allele frequencies. The genomewide empirical P values were calculated based on 200 replicate data sets. These P values are 0.15, 0.69, and 0.79 for LOD scores 2.7 of PBF on chromosome 6, and 1.9 and 1.8 of BMI on chromosome 3 and 5, respectively. Because the peak regions on chromosome 2, 3, and 5 were reported with significant linkage evidence in previous studies (5, 13, 14) , we looked the significance levels adjusting multiple tests on these regions. Simulation results show the corresponding P values are as follows: 0.08 for chromosome 2 (region 60 -85), 0.005 for chromosome 3 (region 172-197), and 0.025 for chromosome 5 (region 10 -38).
To determine the empirical power of our sample to detect the presence of a modest QTL effect, we generated 500 data sets with the observed pedigree structure and assumed that the QTL explains 20% of the total variance with the remaining variance consisting of 30% polygenic variance and 50% environmental variance. In the presence of such a QTL, we found that 7% of the scans gave a LOD score Ͼ3.3.
We next performed a quantitative transmission/disequilibrium test using QTDT for the five markers in the region with linkage evidence on chromosome 3 for BMI. Table 3 summarizes the results for these alleles, with a P value Ͻ0.1 when tested against all the other alleles pooled together for BMI. Several alleles in this region were associated with a P value of Ͻ0.05.
DISCUSSION
During the past decade, the genome-wide search for a susceptibility locus has been widely applied for complex human diseases. Lander and Kruglyak (13) proposed criteria for declaring linkage to avoid false-positive evidence imposed by the use of LOD scores. However, the success of the genome-wide search strategy to date has been limited, and the results of the studies focused on the same phenotype are often inconsistent (15) . Therefore, consistency across different studies would seem to be an even more important standard against which to judge these results. Accordingly, we draw attention to our finding on chromosome 3 (3q27), where a significant linkage to several obesity-related traits has been previously established (16) . Because the region with linkage evidence on Data are means Ϯ SE unless otherwise indicated. *Represents significant difference compared with women (P Ͻ 0.05).
chromosome 3 almost completely overlaps with a region found to have linkage in white families, our finding on chromosome 3 can be considered a replication. This region of ϳ20 cM with a P value of 0.01 then qualifies for consideration as a significant replication result after adjusting for multiple comparisons (13) . Hence, our finding on chromosome 3 demonstrates significant linkage evidence to obesity. Simulation results provided LOD scores of 1.8 for BMI and 0.95 for PBF, corresponding to P values of 0.005 and 0.055 after adjusting for multiple comparisons in this region. The transmission/disequilibrium test also demonstrated evidence of linkage and association between the markers and BMI in this region, providing further evidence that this region could harbor obesity genes. In this region, several candidate genes have been identified that can influence energy expenditure, fat partitioning, and insulin sensitivity (16) . In a recent report, this region was also strongly linked to type 2 diabetes (17). Therefore, it is possible that genes located in this region affect both obesity and type 2 diabetes. Our finding on chromosome 5 also overlaps with the region reported to have suggestive linkage evidence in a French population (14) . However, the region found by the study of French population is too wide to conclude that our finding on chromosome 5 qualifies as replication, and further studies will be required before any conclusions can be reached.
Comuzzie et al. (5) performed multipoint variance component analysis adjusting for the covariates of sex, age, and age 2 using the program package SOLAR. Strong linkage (LOD score ϭ 4.95) was demonstrated at 74 cM away from p-ter on chromosome 2. Although we failed to find a LOD score at the level usually required to satisfy criteria for replication significance (13), namely Ͼ1.17, our study does provide minimal linkage evidence to the region of 42-60 (LOD ϭ 1.0), close to this same region reported by Comuzzie et al. Likewise, in a separate set of AfricanAmerican families from the Chicago area, we previously found evidence of linkage with the same markers as reported by the San Antonio group (5) . With this second replication, the region of 42-60 thus becomes an important candidate region; the POMC gene is the primary candidate lying in this interval. Our results also support linkage with chromosome 10, consistent with the recent article by Hager et al. (14) , who found a LOD score of 4.85 at 55 cM from p-ter on chromosome 10 by model-free multipoint affected sibpair analysis.
Our study showed consistent evidence for linkage for both phenotypes only on chromosome 3. There are several factors that could contribute to this inconsistent finding across the phenotypes. 1) The genetic determinants of interindividual variation in obesity-related traits are likely to be multiple and interacting, with a variety of effects on the obesity traits. 2) Our data were ascertained through measurement of blood pressure rather than obesity-related traits; therefore, we may not have enough power to find linkage for some phenotypes in some genomic regions with even moderate effect. 3) Some positive findings may be due to type I error. 4) The heterogeneity due to the admixture in African-American population may be another source that could contribute to inconsistency.
In conclusion, this African-American population sample of moderate size provides suggestive evidence in support of linkage on several chromosomes identified in prior research. Further replication of these findings will be required before they should be considered guides to fine mapping efforts. The most important limitation of our data is probably the lack of power provided by this sample to detect linkage evidence, as shown in our simulations. Genotyping of larger samples and improved statistical methods, such as multivariate analysis of the two phenotypes, should increase power and provide challenges for future studies. 
